Epitaxial 3C-SiC films were grown by chemical vapor deposition on the silicon-on-insulator (SOI) substrates with 20-75-nm-thick Si top layers. A relatively low growth temperature of 1150°C and a reduced hydrogen flow rate of 1 lpm during the precarbonization process was necessary to preserve the SOI structure and thereby obtain high-quality SiC films. The transmission electron microscopy observation of the SiC/SOI structures revealed high density of misfit dislocations in the SiC film, but no dislocation within the top Si layer. The x-ray-diffraction results did not show any significant shift of the (400) SiC peak position among the SiC/Si and the SiC/SOI samples. This strongly suggests that the Si top layer is not deformed during the SiC/SOI growth and the strain within the 3C-SiC layer is not critically affected by substituting the Si substrate with the SOI substrate, even when the Si top layer is as thin as 20 nm.
Silicon carbide is actively studied as the substrate material for high-temperature, high-frequency, and/or high-power semiconducting devices. Efforts to grow large-area single crystals of SiC on Si wafers have been only partially successful, mainly due to the 20% mismatch between the SiC film and the substrate. [1] [2] [3] Studies recently reported growth of the high-quality SiC or GaN layers on the silicon-on-insulator (SOI) structure [4] [5] [6] in an attempt to relieve the misfit strain by growing the film on very thin Si top layers. It was reported that the strain within the SiC film was reduced when grown on the SOI substrate with 100-nm-thick top Si layer (100-nm SOI) 5 and the strain within the GaN film was significantly reduced when grown on the 50-nm SOI substrates. 6 In these reports, however, the structural quality of the SiC/Si interfaces was not investigated in detail. This is important because the residual strain within the grown film would be critically affected by the structural coherence of the interface. In fact, Fig. 1 of Ref. 5 shows high density of voids at the SiC/Si interface, which may have significant effects on the misfit strain within the film.
In this investigation, void-free high-quality 3C-SiC films were grown on SOI substrates with thin (20-75 nm) top Si layers using the chemical-vapor-deposition (CVD) technique. The films were characterized using x-ray diffraction (XRD), optical microscopy, and transmission electron microscopy (TEM).
The 3C-SiC films were grown at 1110-1200°C on Si and (100) SOI substrates in a horizontal CVD reactor, using hydrogen carrier gas and silane/propane source gases. The growth time was 2 h and the C/Si ratio was 4, with an H 2 flow of 5 lpm. Before the growth, the Si surface was precarbonized by heating the substrate from room temperature to 1150°C at the constant flow of 67 sccm of propane and 1 lpm of hydrogen.
To obtain the SOI substrates, commercial SOI wafers with 200-nm top Si and 440-nm buried SiO 2 were thermally oxidized at 1100°C for various periods of time and then the resulting surface oxides were etched in a 20% HF solution. This resulted in SOI structures with 20-100-nm-thick Si top layers.
A JEOL 2000FX (Tokyo, Japan) microscope was mainly utilized for conventional TEM observation, and a JEOL 2000EX for the high-resolution (HR) observation. The TEM samples were prepared using the conventional sandwich/ion-milling technique. XRD was performed using a Rigaku instrument with an angle resolution of 0.01°.
Figures 1(a) and 1(b) show a cross-sectional TEM (XTEM) image and a Nomarski image of 3C-SiC films grown on an SOI(100) substrate at 1160°C, a silane flow of 50 sccm, and a propane flow of 67 sccm.
It has been reported by Kordina et al. 7 that highquality 3C-SiC/Si films could be epitaxially grown at the growth temperature range of 1150-1250°C, the C/Si ratio of 1.2, and hydrogen flow of 5 lpm. It was observed in the present study, however, that the growth on SOI at temperatures of 1160°C or higher results in the deterioration of the SOI structure. This is clearly observed in the XTEM [ Fig. 1 The low-magnification XTEM image [ Fig. 2(a) ] shows that the SOI structure was preserved during the growth and the SiC/Si interface is smooth and flat without any void. It is also clear that a highquality single-crystal SiC was obtained, as indicated by the image without the grain boundaries and the antiphase boundaries, and the round and regularly aligned diffraction spots within the SADP. The Nomarski observation of the SiC surface also revealed a smooth surface morphology [ Fig. 2(b) ].
In Fig. 2(a) , high density of dislocations are observed within the SiC films, whereas no evidence of dislocation formation or plastic deformation is observed within the top silicon layer of the SOI substrate. This is confirmed by the HRTEM image [ Fig. 2(c) ], which reveals one misfit dislocation per about 5 atomic planes within the SiC films (indicated by the arrows) but no dislocations in the Si layer. It is therefore safe to conclude that the 20-nmthick Si layer was not deformed by the SiC growth, which means that the thin Si layer was strong enough to endure the misfit stress during the growth and that the SOI structure did not affect formation of the dislocation within the SiC film.
The XRD spectrum [ Fig. 2(d) ] of the 3C-SiC film on 20-nm SOI exhibits SiC(200), Si(400), and SiC(400) peaks. No other peaks are observed, confirming the single-crystalline nature of the 3C-SiC film. It is mentioned at this point that the TEM images, the SADPs, and the XRD spectra of the SiC/75-nm SOI samples were basically similar to those of the 20-nm samples. Figure 3 shows the lattice parameter values of the SiC films grown on the Si and the SOI substrates, calculated from the (400) peak position of the XRD spectra. The bulk lattice parameter is also shown as a reference. It is seen that the lattice parameters of the heteroepitaxial SiC films are not significantly affected by the Si thickness, ranging between 4.356 and 4.357 Å, while they are clearly distinguished from that of the bulk 3C-SiC (4.359 Å). Each data point in Fig. 3 represents 4-5 samples in the case of the SOI substrates and about 10 samples in the case of the Si substrate.
Figures 2 and 3 strongly suggest that the growth on the SOI substrates does not have significant effects on the structural quality of the SiC layers, even when the top Si is as thin as 20 nm. Because no evidence of plastic deformation is observed within the Si top layer, the plastic strain of the SiC film should not be affected. Although the residual strain of the film might be relieved by the elastic deformation of the Si layer, it should not be substantial because the Si is a highly brittle material.
This result is consistent with the report 8 that the formation of misfit dislocations within a grown film may be retarded due to the compliance of the thin substrate, but only when the substrate is thinner than the critical thickness. It was proposed in the energy approach analysis that the spontaneous formation of interfacial misfit dislocations depends on the amount of mismatch strain, film thickness, substrate thickness, and the crystallographic slip orientation, which in turn determine the critical thickness. According to the calculations of those authors, the 20% misfit between SiC and Si may not be overcome even though the substrate is as thin as about 1.54 nm, five times the dislocation Burgers vector within SiC.
The present results, on the other hand, are not consistent with the previous report 5 that the structural quality of a CVD-grown SiC film could be improved by using the 100-nm SOI substrate, when compared with the SiC/Si films. Further studies are necessary to clarify the origin of this difference, but it is suspected that the discrepancy may be due to the existence of the voids at the SiC/Si interface of the samples studied in that work. 5 The interfacial voids would critically affect the structural properties of the SiC film. It must be remembered that the SiC/Si samples studied in this present work were grown using a special process, so that the SiC/Si interfaces are perfectly preserved during the growth. In summary, high-quality single-crystal 3C-SiC films were grown using the CVD technique on 20-nm and 75-nm SOI substrates with a flat and void-free interface. Results of the TEM investigation of the SiC films showed formation of the dislocation only within the SiC layer but no dislocation in the thin Si substrate layer. The XRD results showed that the lattice parameter of the heteroepitaxial SiC films is not affected by the Si thickness. These results strongly suggest that the growth on the SOI substrates does not significantly affect the structural quality of the heteroepitaxial SiC layers, even when the top Si is as thin as 20 nm.
